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(54) 9 Atlstract Titie: Ex|Mndliig a tubular member 



(57) A method of coupling a tubular member 210 to a 
preexisting structure 270 comprising: preforming 
the tubular member to include a first portion, a 
second portion and a third portion; placing a 
mandrel 215 within the second portion of the 
tubular member; positioning the tubular member in 
an overlapping relationship to the preexisting 
structure; pressurizing an Interior region within the 
tubular meml>er above the mandrel; and displacing 
the mandrel with reispect to the tubular member; . 
wherein the inside diameter of the second portion 
of the tubular member is greater than the inside 
diarrietera of the first and third portions of the 
. tubular member. The preexisting structure may be a 
wellbore casing. 
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EXPANDING A TUBULAR MEMBER 
Cross Reference To Related Applications 
The present application daiins the t>enefit of the filing date of U.S. provisional 
patent application serial no. 60/183,546, attorney docket no. 25791.10. filed on 
5 2/18/2000. the disclosure of which is incorporated herein by reference. 

This application is a oontinuatiori-in'part of U.S. Serial No. 09/559.122. attorney 
dodwt numl)er 25791.23.02. filed on 4/26/2000. which claimed the benefit of the filing 
date of U.S. provisional patent applicatioh serial number 60/13il06, filed on 
4/26/1999, which was a oonlinuation-in-part of U.S. patent application serial number 
10 09/523.460. attomey docket number 25791.11.02, filed on 3/10/ 2000. which claimed 
the benefit of the filing date of U.S. provisional patent application serial no. 60/124.042. 
filed on 3/11/1999, which was a oontlnuation-inHpart of U.S. patent application serial 
number 09/510.913, attomey docket number 25791.7.02, which claimed the benefit of 
the filing date of U.S. provisional patent appiicatton serial number 60/121,702, filed on 
15 2/25/1999. whkdi was a continuation-in<f)ait of U.S. patent application serial number 
09/502,350. attomey docket number 25791.8.02, filed on 2/10/2000. w/hich claimed the 
beriefit of the filing date of U.S. provisional patent application serial number 
60/119.611. attomey docket number 25791.8, filed on 2/11/1999, which was a 
continuation-in-part of U.S. patent application serial number 09/454.139, attomey 
20 docket number 25791.3.02, filed on 12/3/1999, which claimed the benefit of the filing 
date of U.S. provisional patent application serial number 60/111,293, filed on 
12/7/1998. 

The present application is related to the following U.S. patent applicattons: (1) 
utility patent appiicatkNi number . attomey docket number 25791.9.02, 

25 filed on 1 1-16-1999. which claimed the benefit of the filing date of provisional patent 
applicatkin ninnber 60/108.558, attomey docket number 25791.9. filed on 11-16-1998; 
(2) ufility patent sq;>pHcatk)n number , ■ attomey docket number 25791.3.02. 

filed on 12-3-1999. whteh daimed ttie benefit of the filing date of provisional patent 
appiteatton nuniber 60/1 1 1 .293. attomey docket number 25791 .3, filed on 1 2-7-1 998; 

30 (3) utility patent application number , attomey docket number 

25791.8.02, filed on 2-10-2000. whteh claimed ttie benefit of ttie filing date of 
provisional patent application number 60/119.611. attomey docket number. 25791.8. 
filed on 2-11-1999; (4) proviskmai patent applkation number 60/121.702. attomey 
docket number 25791.7. filed on 2-25-1999; (5) provistonal patent appHcation number 

35 60/121.841. attomey docket number 25791.12*. filed on 2-26-1999; (6) provisional 
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patent application number 60/121,907, attorney docket number 25791.16, filed on 2- 
26-1999; (7) provisional patent application number 60/124,042, attorney docket number 
25791.11, filed on 3-11-1999; (8) provistonal patent application number 60/131,106, ' 
attorney docket number 25791 .23. filed on 4-26-1999; (9) provistonal patent application 
5 number 60/137,998, attorney dpeket nuifnl?er 25791.17, filed on 6-7-1999; (10) 
provisional patent appHcation number 60/143,039, attorney docket number 25791 .2§, 
filed on 7-9-1999; (11) provistonal patent appltoation number 60/146,203. attorney 
docket number 25791.25. filed on 7-29-1999; (12) provistonal patent appikatton 
nun*er ' ^ attorney docket number 25791.29, filed on 9-16-1999; (13) 

10 provistonal patent application number • . attorney docket number 

25791,34, fitod on 10-12-1999; (14) provistonal patent appltoation number , 

attorney docket number 25791.36. filed on 10-12-1999; (13) provisional patent 
application number 60/159.033. attorney docket number 25791.37, fitod on 10-12- 
1999; (15) provisional patent appiicatton number __, attorney docket 

15 . number 25791 .27. filed on 11-01-1999. 

Applicants incorporate by reference ttie disdosures of ttiese appltoations. 

Background of the Invention 
This invention relates generally to wellbore casings, and in particular to weilbore 
casings that are fbnned using expandable tubing. 

20 Conventionally, when a wellbore is created, a number of casings are installed in 

the borehole to prevent collapse of the borehole wall and to prevent undesired outflow 
of drilling fluid into the formation or inflow of fluid from the formation into the borehole. 
The borehole is drilled in intervals whereby a casing which is to be installed in a lower 
borehole interval is lowered ttirough a previously installed casing of an upper borehole 

25 interval. As a consequence of this procedure the casing of the lower intend is of 
snfialier diameter than the casing of the upper tntenral* Thus, the casings are in a 
nested anrangennmt with casing diameters decreasing in downward direct Cement 
annuii are provided between the outer surfaces of the casings and the borehole wall to 
seal the casings from the borehole wall. As a corisequence of this nested arrangement 

30 a relativeiy large borehole diameter is required at the upper part of the wellbore. Such 
a large borehole diameter involvies increased poste due to heavy casing handling 
equipment, large drill bits and Increased volumes of drilling fluid and drill cuttings. 
Moreover, increased drilling rig time is invoh^ed due to required cement pumping.* 
cemerit hardening, required equipment changes due to large variations in hole 
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diameters drilled in the course ofihe well, ard the large volume of cuttings drilled and 
removed. 

Conventionally* at the surface end of the welltxHe, a wellhead is fonned that 
typically includes a surfece casing, a numt>er of production and/or drilling spools. 
5 valving. and a Christmas tree. Typicalty the wellhead further includes a concentric 
arrangement of casings including a production casing and one or more intermediate 
casings. The casings are typically supported using load bearing slips positioned above 
the ground. The conventional design and constmcfon of wellheads is expensive and , 
complex. ^ 

10 Conventionally, a wellbore casing cannot be formed during the drilling of a 

wellbore. Typically, the wellbore is drilled and then a wellbore casing is formed in the 
newly drilled section of the wellbore. This delays the completion of a well. 

The present invention is directed to overcoming one or more of the limitations of 
the existing procedures for forming wellbores and wellheads. 

15 Summary 

According to another embodiment of the present Invention, a method of 
expanding a tubular member is provided that includes placing a mandrel within the 
tubular member, pressurizing an annular region within the tubular member above the 
mandrel, and displacing the mandrel with respect to the tubular member 

20 According jto another embodiment of the present inventbn, an apparatus for 

radially expanding a tubular member is provided that includes a first tubular member, a 
second tubular member positioned within the first tubular member, a third tubular 
member movabiy coupled to and positioned within the second tubular member, a first 
annular sealing member for sealing ah interface beA^n the first and second tubular 

25 members, a second annular sealing member for sealing an interface between the 
second and thM ^bular rriernbers, and a mandrel positioned witttin flie first tubular 
member and cpupled to an end of the third tubular member. 

According to anottier embodiment of the present invention, an apparatus is 
provided that includes a tubular member, a piston adapted to expand the diameter of 

30 the hjbular member positioned within flie tubular rnember, and an annular chamber 
defined by the piston and tijbular member. The piston includes a passage for 
conveying fluids out of thie tubular member. 

According to another embodiment of the present invention, an apparatus is 
provided that includes a preexisting structure and a tubularmember coupled to the 

35 preexisting structure. The tubular member is coupled to the preexisting structure by 
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the process of: positioning the tubular member in an overlapping relationship to the 
preexisting structure, placing a mandrel within the tubular member, pressurizing an 
annular region within the tubular member above the mandrel, and displacing the 
mandrel with respect to the tubular member. 
5 According to another embodiment of the present invention, a method of 

expanding a tubular member is pr5ivided that includes preforming the tubular member 
to include a first portion, a second portion, and a third portion, placing a mandrel within 
the second portion of the tubular rnember, pressurizing a region within the tubular 
member, and displacing the mandrel with respect to the tubular member. The inside 

10 diameter of the second portion of the tubular member is greater than the inside 
diameters of the first and ttiird portions of the tubular member. 

According to another embodiment of the present invention, an apparatus for 
radially expanding a tubular member is provided that includes a first tubular member, a 
second tubular member coupled to the first tubular member, a third tubular member 

15 coupled to the second tubular member, and a mandrel positioned within tiie second 
tubular member and coupled to an end portion of ttie third tubular member. The inside 
diameter of ttie second tubular member is greater than tiie inside diameters of the first 
and third tubular members. 

According to another embodiment of tiie present invention, an apparatus is 

20 provided ttiat includes a tubular member having first, second, and tiiird portions, a 
piston adapted to expand tiie diameter of the tubular member positioned within the 
second portion of tiie tubular member, the piston including a passage for conveying 
fhiids out of the tubular member. The inside diameter of the secorul portion of tiie 
tubular member is greater than the inside diameters of tiie first and third portions of the 

25 tubular member. 

According to another embodiment of tiie present invention, an apparatus is 
provided ttiat includes a preexisting staructure and a tubular member coupled to the 
preexisting structure. The tubular member is coupled to the preexisting structure by 
ttie process of: prefomning the tubular member to include first, second, and third 

30 portions, positioning the tubular member in an overiapping relationship to the 
preexisting sbucturie; placing a mandrel wiUiin the second portiori of the tubular 
member, pressurizing an interior region within tiie tubular member, and displacing the 
mandrel witt) respect to tiie tubular men:iber. The inside diameter of tiie second portion 
of the tubular member Is greater than the Inside diameters of the first and third portions 

35 of the tubular mismber. 
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The present embodiments of the invention provide metKods and apparatus for 
fomiing and/or repairing welibore casings, pipelines, and/or stmctural supports by 
radially expanding tubular members. In this manner, the formation and repair of 
welibore casings, pipelines, and structural supports is irnproved. . 
5 Brief Description of the Drawings 

FIG. la is a fragmentary cross-section illustration of an embodiment of an 
apparatus andmethod for expanding tubular members. 

FIG. 1b Is another fragmentary cross-sectional illustration of the apparatus of 
FIG. 1a. 

10 FIG. 1c is another fragmentary cross-sectional illustration of the apparatus of 

FIG. 1a. 

FIG. 2a is a fragmentary cross-section illustration of an embodiment of an 
apparatus and method for expanding tubular members. 

FIG. 2b is another fragmentary cross-sectional illustration of the apparatus of 
15 FIG. 2a. 

FIG. 2c is another fragmentary cross-sectional illustration of the apparatus of 
FIG. 2a. 

FIG. 2d is another fragmentary cross-sectional illustration of the apparatus of 
FIG. 2a. 

20 FIG. 2e is another fragmentary cross-sectional illustration of the apparatus of 

FIG. 2a. 

Detailed Description of the Illustrative Embodiments 
Refening now to FIGS. la. lb and 1c, an apparatus 100 for expanding a 
tubular member will be described. In a preferred embodiment, the apparatus 100 
25 includes a support noember 105, a packer 1 10. a first fluid conduit 1 15^ an annular fluid 
passage 120. fluid inlets 125. an annular seal 130. a second fluid conduit 135. a fluid 
passage 140^ a mandrel 145, a mandrel launcher 150. a tubular member 155, slips 
160, and seals 165. In a prefened embodiment, the apparatus 100 is used to radially 
expand the tubular memt>er 155. In this manner, the .apparatus 100 may be used to 
30 form a welibore casing, line a welibore casing, fbnrn a pipeline, line a pipeline, fdmn a 
structural support member, or repair a welibore casing, pipeline or structural support 
member. In a preferred embodiment, the apparatus 100 is used to dad at least a 
portion of the tubular member 1 55 onto a preexisting tubular menriber. 

The support member 105 is preferably coupli^ to the packer 110 and the 
35 mandrel launcher 150. The support member 105 preferably is a tubular member 
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fabricated from any number of conventional commercially available materials such as, 
for example, oiifieid country tubular goQds, low alloy steel, cart>pn steel, or stainless 
steel. The support member 105 Is preferably selected to fit through a preexisting ' 
section of wellbore casing 170. In this manner, the apparatus 100 may be positioned 
5 within the wellbore casing 170. In a preferred embodiment, the support member 105 is 
releasably coupled to the mandrel launcher 150. In this manner, the support niember 
105 nriay be decoupled from the mandrel launcher 150 upon the completion of an 
extrusion operation. 

' The packer 110 is coupled to the support member 105 and the first fluid conduit 

10 115. The packer 110 preferably provides a flukl seal between the outside surface of 
the first flukl conduit 115 and the inside surface of the support nriember 105. In this 
manner, the packer 110 preferably seals off and, in combination with the support 
member 105, first fluid conduit 1 15, second fluid conduit 135, and mandret 145, defines 
an annular chamber 175. The packer 110 may be any number of conventional 

15 commercially available packers modified in accordance with the teachings of the 
present disclosure. In a preferred embodiment, the padcer 110 is an RTTS packer 
availat^e from Halliburton Energy Services in order to optimally provide high load and 
pressure containment capacity while also allowing the packer to be set and unset 
multiple times without having to pull the packer out of the wellbore. 

20 The first flukl conduit 115 is coupled to the packer 110 and the annular seal 

130. The first fluid conduit 115 preferably is an annular member fabricated from any 
number of conventional comnrterdally available materials such as. for example, oilfiekl 
country tubular goods, low alby steel, cart)on steel, or stainless steel. In a preferred 
embodiment, the first fluid conduit 115 includes one or more flukl Inlets 125 for 

25 conveying fluidic materials froni the annular fluid passage 120 into the chamber 175. 

The annular fluid passage 120 is defined by and positioned between the inferior 
surface of the first fluid conduit 1 15 and the Interior surface of the second fluid conduit 
135. The annular fluid passage 120 is prefersMy adapted to convey fluidic materials 
such as cement, water, epbxy^ lubricants, and slag mix at operating pressures and flow 

30 rates ranging fiiom about 0 to 3,000 gallons/minute and 0 to 9,000 psi in order to 
optimally proyMe flow rates and operattonal pressures for the radial expansion process. 

The fluM inlets 125 are positipned in an end portion of the flrst fluid conduit 115. 
The flukl inlets 125 preferably are adapted to convey fluklic materials such as cement, 
water, epoxy, lubricante, and slag rnbc at operating pressures and flow rates ranging 
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from about 0 to 9»(X)0 psi and 0 to 3.000 galions/fninute in order to optimally provide 
flow rates and operational pressures for the radial expansion process. 

The annular seal 130 is coupled to the first fluid conduit 115 and the second 
fluid conduit 135. The annular seal 130 prelerdbly provides a fluid seal t)etween the 
5 interior surface of the first fluid conduit 115 and the exterior surface of the second fluid 
conduit 135. The annular seal 130 preferably provides a fluid seal betwmn the interior 
surface of the first fluid conduit 1 15 and the exterior surface of the second fluid conduit 
135 during relative axial motion of the first fluid conduit 115 and the second fluid 
conduit 135. The annular seal 130 may be any number of conventional pomrnerdally 
10 available seals such as, for exanrtple, 6-ring$, polypak seats, or metal spring energized 
seals, in a prefened embodiment the annular seal 130 is a polypak seal available 
from Parker Seals. 

The second fluid conduit 135 is coupled to the annular seal 130 and the 
mandrel 145. The second fluid conduit preferably is a tubular member fabricated frorn 

15 any number of conventional commercially available materials such as, for example, 
coiled tubing, oilfield country tubular goods, low altoy steel, stainless steel, or k>w 
cartx)n steel. In a preferred embodinfient, the second flukl conduit 135 is adapted to 
convey fluidic materials such as cement^ water, epoxy, lubricants, and slag mix at 
operating pressures and flow rates ranging from about 0 to 9.000 psi and 0 to 3,000 

20 gallons/minute in order to optimally provide flow rates and operational pressures for the 
radial expansion process. 

The flukl passage 140 is coupled to the second fluid conduit 135 and the 
mandrel 145. In a preferred emtiodiment, the fluid passage 140 is adapted to convey 
flukJic materials such as cement, water, epoxy, iubrirants, and slag mix at operating 

25 pressures and flow rates ranging finom about 0 to 9,000 p$i and 0 to 3.000 
galtons/mlnute In order to opUmaliy provkle flow rates and operational pressures for the 
radial expansion process. 

The mandrel 145 is coupled to the second fluki conduit 135 and the mandrel 

launcher 150. The mandrel 145 preferably are an annular memtier having a conic 

• ' • ' . • 

30 section feibricatad from any nunrdt>er of conventional commercially available materials 
such as, for example, machine tool steel, ceramics, tungsten carbide, titanium or other 
high strength altoys. In a preferred embodiment, the angle of the conic section of ttie 
mandrel 145 ranges from about 0 to 30 degrees in order to optimally expand the 
mandrel launcher 150 and tubular member 155 in tiie radial direction. In a prefened 

35 embodiment, the surface of the oonic section ranges firom about 58 to 62 Rockwell C in 
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order to optimally provide high yield strength. In a prefenred emlxxlinrfent, the 
expansion cone 145 is heat treated in order to optinriaily provide a hard outer surface 
and a resilient interior body in order to optimally provide abrasion resistance and 
fracture toughness. In an alternative embodiment, the mandrel 145 is expendible in 
order to further optimaliy augment the radial expansion process. 

Hie mandrel launcher 150 is coupled to the support member 105, the mandrel 
145. and the tubular member 155. The mandrel launcher 150 preferably are a tut^uiar 
member having a variable cross-section and a reduced wall thiclcness in order to 
facilitate the redial expansion process. In a preferred embodiment, the cross-sectional 
area of the mandrel lauricher 150 at one end is adapted to mate with the mandrel 145. 
and at the other end, the cross-sectional area of the mandrel launcher 150 is adapted 
to match the cross-sectional area of the tubular member 155. In a preferred 
embodiment, the wall thickness of the mandrel launcher 150 ranges from about 50 to 
100 % of the wall thickness of the tubular member 155 in order to facilitate the initiation 
of the radial expansion process. 

The mandrel laundier 150 may be fabricated from any number of conventional 
commercially available materials such as, for example, oilfield country tubular goods, 
tow alkiw steel, stainless steel, or carbon steel. In a prefen^ embodiment, the 
mandrel launcher 150 is febricated from oilfield country tubular goods having higher 
strength but lower wall thickness than the tubular member 155 in order to optinr^lly 
match the burst strength of the tubular member 155. In a preferred embodiment, the 
mandrel launcher 150 is removably coupled to the tubular member 155. In this 
manner, the mandrel launcher 150 may be ridmoved from the wellbore 180 upon the 
oompletton of an extruston operation. 

In an alternative embodiment the support member 105 and the mandrel 
launcher 150 are Integrally fonmed. In this aRemative embodiment, the support 
mernber 105 preferably temfilnates above the top of the packer 110. In this alternative 
embodiment, the flukJ conduits 115 and/or 135 provkie structural support for the 
apparatus 100, using the packer 110 to couple together the elements of the apparatus 
100. In this alternative embodirneht, in a prefenred embodiment, during the radial 
expansion process, the packer 110 may be unset and reset, after the slips 160 have 
anchored the tubular member 155 to ttie previous casing 170, within the tubular 
member 155, between, radial expansion operations. In this manner, the packer 110 is 
nrx>ved downhole and the apparatus 100 is rerstroked. 



The tubular member 155 is coupled to the mandrel launcher, the slips 160 and 
the seals ^65. The tubular member 155 preferably Is a tubular member febricated from 
any number of conventional oomnriercially available materials such as. for example, bw 
alloy steel, carbon steel, stainless steel, or oilfield country tubular goods. In a prefened 
5 emt)0diment, the tubular niember 1 55 is fiabricated from oilfield countiy tubular goods. 

The slips 160 are coupled to the outside surface of the tubular noember 155. 
The slips 160 preferably are adapted to couple to the interior vvatls of a casing, pipeline 
or other structure upon the radial expansion of the tubular member 155. In this 
manner, the slips 160 provide structural support for the expanded tubular member 155. 

10 The slips 160 may be any number of conventional commercially available slips such 
as, for exanniple, RTTS packer tungsteri carbide slips, RTTS packer wicker type 
mechanical slips or Model 3L retrievable bridge plug tungsten carbide upper 
mechanical slips. In a prefemed emt)odiment, the slips 160 are RTTS packer tungsten 
carbkie mechanical slips available from Halliburton Energy Services. In a prefen^ 

15 embodiment, the slips 160 are adapted to support axial forces ranging from about 0 to 
750,000 Ibf. ^ 

The seals 165 are coupled to the outskie surface of the tubular member 155. 
The seals 165 preferably provMe a fluidk: seal between the outskie surface of the 
exparKled tubular member 155 and the interior walls of a casing, pipeline or other 

20 structure upon the radial expansion of the tubular member 155. In this manner, the 
seals 165 provMe a fluMic seal for the expanded tubular memt>er 155. The seals 165 
may be any number of oonventtonal commercially aviailable seals such as. for example, 
nitrile rubber, lead. Aflas rubber. Teflon, epoxy, or other elastomers. In a preferred 
embodiment, the seals 165 are rubber seals available from numerous oommerciai 

25 vendors in order to optimally provkje pressure sealing and k>ad bearing capacity. 

During operatton of the appiaratus 100. the apparatus 100 Is preferably lowered 
into a wellbore 180 having a preexisting section of wellbore casing 1 70. In a prefenred 
embodiment, the apparatus 100 is positioned with at least a portion of the tubular 
member 155 overlapping vyith a portion of the wellbore casing 170. In this manner, the 

30 radial expansion of the tubular member 155 will preferably cause the outside sur^ce of 
the expanded tubular member 155 to couple with the insMe surfece of the wellbore 
casing 170. In a prefenred embodirnent, the radial expansion of the tubular member 
155 will also cause the slips 160 and seals 165 to engage with the interior surface of 
the wellbore casing 170. In this manner, the expanded tubular member 155 is provided 
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with enhanced structural support by the slips 160 and an enhanced fluid seal by the 
seals 165. 

As illustrated In FIG. 1 b, after placement of the^apparatus 100 in an overlapping 
relationship with the wellbore casing 170, a fluidic material 185 is preferably pumped 
5 into the chamber 175 using the fluid passage 120 and the inlet passages 125. In a 
prefenred embodiment, the fluidic material is pumped into the chamber 175 at operating 
pressures and flow rates ranging from about 0 to 9.000 psi and 0 to 3,000 
gallons/minute in order to optimally provide flow rates and operational pressures for the 
radial expansion process. The pumped fluidic nriateriai 185 increase the operating 

10 pressure within the chamber 175. The increased operating pressure in the chamber 
175 then causes the mandrel 145 to extrude the mandrel launcher 150 and tubular 
member 155 off of the face of the mandrel 145. The extrusion of the mandrel launcher 
150 and tubular member 155 off of the face of the mandrel 145 causes the mandrel 
launcher 150 and tubular memt>er 155 to expand in the radial direction. Continued 

15 pumping of the fluidic material 185 preferably causes the entire length of the tubular 
member 1 55 to expand in the radial direction. 

In a preferred embodiment, the pumping rate and pressure of the fluidic 
material 185 is reduced during the latter steges of the extrusion process in order to 
minimize shock to the apparatus 100. In a preferred embodinient, the apparatus 100 

20 includes shoqk absori^ers for absori^lhg the shock caused by the completion of the 
extrusbn process. 

In a preferred embodiment, the extrusion process causes the mandrel 145 to 
move in an axial direction 185. During the axial movement of the mandrel, in a 
prefen^ embodiment, the fluid passage 140 ODnveys fluidic niateriat 190 displaced by 
25 the moving mandrel 145 out of the w6llbore 180. In this manner, the operational 
eflRdency and speed of the extruston process is enhanced. 

In a preferred embodiment, the extrusion process includes the ihjectton of a 
hardenabte fluidic material into the annular regton between the tubular member 155 
and the bore bote 180. In this manner, a hardened sealing teyer is provided between 
30 the expanded tubular member 1 55 and the Interior walls of the wellbore 1 80. 

As illustrated in FIG. 1c, in a prefened ernbodiment, upon the completion of the 
extrusion pnocess, the support member 1 05, packer 110, first fluM conduit 115, annular 
seal 130, second fluid conduit 135, mandrel 145, and nriandrel launcher 150 arp moved 
from the wellbore 180. 
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In an alternative emt>odiment. the apparatus 100 is used to repair a preexisttng 
wellbore casing or pipeline. In this attemative embodiment both ends of the tubular 
member 155 preferably Include slips 160 and seals 165. 

In an alternative embodiment, the apiparatus 100 is used to fonn a tubular 
5 structural support for a building or offshore stmcture. 

Refening now to F|6S. 2a, 2b. 2c, 2d, and 2e, an apparatus 200 for expanding 
a tubular member will be described. In a preferred embodimertt, the apparatus 200 
includes a support merT4)er /205. a rhandrel launcher 210, a. mandrel 215, a first fluid 
passage 220, a tubular member 225, slips 230, seals 235, a shoe 240, and a second 
10 fluid passage 245. In a prefenred embodiment, the apparatus 200 Is used to radially 
expand the mandrel launcher 210 and tubular member 225. in this manner, the 
apparatus 200 may be used to form a wellbore casing, line a wellbore casing, form a 
pipeline, line a pipeline, fonn a stnictural support member, or repair a wellbore casing, 
pipeline or structural support niember. In a prefened embodiment, the apparatus 200 
15 used to dad at least a portion of the tubular member 225 onto a preexisting structural 
member. 

The support member 205 is preferably coupled to the mandrel launcher 210. 
ThQ support member 205 preferably is a tubular member fabricated from any number 
of conventional commercially available materials such as, for example, oilfield country 

20 tubular goods, low alloy steel, cart>on steel, or stainless steel. The support member 
205, the mandrel launcher 210, the tubular member 225, and the shoe . 240 are 
preferably selected to fit through a preexisting section of wellbore casing 250. In this 
manner, the apparatus 200 may be positioned within the wellbore casing 270. In a 
preferred embodiment, the support member 205 Is releasably coupled to the mandrel 

25 launcher 210. In this manner, the support member 205 may be decoupled from the 
mandrel launcher 21 0 upon the completion of an extrusion operation. 

. The mandrel launcher 210 is coupled to the support member 205 and the 
tubular member 225. The mandrel launcher 210 preferably are a tubular member 
having a variable cross-section and a reduced wall ttiickness in order to fadritate the 

30 radial expansion process. In a preferred embodiirient, the cross-sectional area of the 
mandrel launcher 210 at one end is adapted to mate witii the mandrel 215, and at the 
other end, the cross-sectiohal area of the mandrel launcher 210 is adapted to match 
the cross-sectional area of the tubular member 225. In a prefenred embodiment, the 
wall ttiickness of the mandrel launcher 210 ranges from about 50 to 100 % of tiie wall 
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thickness of the tubular memt)er 225 in order to facilitate the initiation of the radial 
expansion process. 

The mandrel launcher 210 may be febricated from any number of conventional 
commercially available materials such as, for example, oilfiehj country tubular goods, 
5 low allow steel, stainless steel, or carbon steel. In a preferred embodiment, the 
mandrel launcher 210 is fabricated from oilfield country tubular goods having higher 
strength but lower wall thickness than the tubular member 225 in order to dptlmally 
match the burst strength bf the tubular member 225. In a prefenred embodiment the 
mandrel launcher 210 Is removably coupled to the tubular member 225. In this 

10 manner, the mandrel launcher 210 niay be removed from the wellbore 260 upon the 
completion of an extrusion operation. 

The mandrel 215 is coupled to the nr^ndrel launcher 210. The mandrel 215 
preferably are art annular member having a conic section fabricated from any number 
of conventiorial commercially available materials such as, for example, rr^chine tool 

15 steel, ceramics, tungsten carbide, titanium or other high strength alloys. In a preferred 
embodirnent, the angle of ttie conic section of the mandrel 215 ranges from about 0 to 
30 degrees in order to optimally expand Uie mandrel launcher 210 and the tubular 
member 225 in ttie radial direction. In a prefenred embodiment, the surface of Vhe conic 
section ranges from about 58 to 62 Rockwell C in order to optimally provkle high yield 

20 strength. In a preferred embodinient, the expansbn cone 215 is heat treated in order 
to optimally provkle a hard outer surface and a resilient interior body in order to 
optimally provide abrasion resistance and fracture toughness. In an alternative 
embodiment, ttie mandrel 215 Is expendible in order to further optimally augrnent the 
radial expansion process. 

25 The fluid passage 220 is positioned wittiin ttie mandrel 215. The fluid passage 

220 preferably adapted to convey fiuldic materials such as cement, water, epoxy. 
lubricants, and slag mix at operating pressures and flow rates ranging from about 0 to 
9,000 psi and 0 to 3,000 gailons/rninute in order to optimally provide flow rates and 
operational pressures for the radial expansion process. The fluid passage 220 

30 preferably includes an inlet 265 adapted to receive a plug, or ottier similar device. In 
this manner, the interior chamber 270 above the mandrel 215 may be fiukilcly isolated 
from the intenor chamber 275 betow ttie niandrel 215. 

The tubular rhember 225 is coupled to tiie mandrel launcher 210, ttie slips 230 
and ttie seals 235. The tubular member 225 preferably is a tubular member fabricated 

35 from any number of conventional commercially available materials such as, for 
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example, low alloy steel, carbon steel, stainless steel, or oilfield country tubular goods. 
In a prefenred embodiment, .the tubular member 225 is fabricated from oilfield country 
tubular ^ >ods. 

The slips 230 are coupled to the outside surfooe of the tubular member 225. 
5 The slips 230 preferably are adapted to couple to the interior walls of a casing, pipeline 
or other structure upon the radial expansion of the tubular member 225. In this 
manner, the slips 230 provide stnictural support for the expanded tubular member 225. . 
The slips 230 rr^y be any nund>er of conventional commercially available slips such 
as, for example, RTTS packer tungsten carbide mechianical slips, RTTS packer wicker 

10 type mechanical slips, or Model 3L retrievable bridge plug tungsten carbidie upper 
mechanical slips. In a preferred embodiment, the slips 230 are adapted to support 
a)gal fcxx^es rar>ging from about 0 to 750,000 Ibf. 

The seals 235 are coupled to the outside surface of the tubular member 225. 
The seals 235 preferably provide a fluidic seal between the outside surface of the 

15 expanded tubular member 225 and the interior wails of a casing, pipeline or other 
structure upon the radial expartslon of the tubular member 225. In this manner, the 
seals 235 provkie a fluidic seal for the expanded tubular member 225. The seals 235 
may be any number of oonventtonal commercially available seals such as, for example, 
nitnle rubber, lead, Aflas rubber. Teflon, epoxy or other elastomers, in a preferred 

20 embodiment the seals 235 are conventional rubber seals available from various 
cornmercial vendors in order to optimally provide pressure sealing and load bearing 
capacity. 

The shoe 240 is coupled to the tobular member 225. The shoe 240 preferably 
is a substantially tubular member having a flukl passage 245 for conveying ffukJic 

25 materials from the chamber 275 to the annular regton 270 outside of the apparatus 
200. The shoe 240 may be any number of conventional commercially available shoes 
such as. ftir example, a Super Seal II ftoat shoe, a Super Seal 11 Down-Jet float shoe, 
or a guide shoe with a sealing sleeve for a latch down plug modified in accordance with 
the teachings of the present disddsure. In a preferred embodimerit, the shoe 240 an 

30 aluminum dowrvjet guide shoe with a sealing sleeve for a latch down plug, available 
from Halliburton Energy Services, modified in accordance with the teadiings of the 
present disctosure, in order to optimally gukle the tubular mernber 225 In the wellbore, 
optimally provide a fluidic seal between the interior and exterior diameters of the 
overiapping Joint between the tubular members, and optimally facilitate the complete 
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drilling out of the shoe and plug upon the completion of the cementing and radial 
expansion operations. 

During operation of the apparatus 200. the apparatus 200 is prefeiat)ty:iowered 
into a wellbore 280 having a preexisting section of weilbore casing 275. In a preferred 
emixxliment the apparatus 200 is positioned with at least a portion of the tubular 
memt>er 225 overiapping with a portion or the wellt>ore^^ In this manner, the 

radial expansion of the tubular member 225 will preferably cause the outside surface df 
the expanded tubular ntember 225 to couple with the inside surface of the wellbore 
casing 275. In a preferred embodiment, the radial expanston: of the tubular member 
225 will also cause the slips 230 arid seals 235 to engage with the interior surface of 
the wellbore casing 275. In this manner, the expanded tubular member 225 is provided 
with enhanced structural support by the slips:230 and ah enhanced fluid seal by the 
seals 235. - : : r : 

As illustrated in FIG. 2b, after placement of the apparatus 200 in an ovisriapping 
relationship with the wellbore casing 275, a fluidic material 280 is preferably pumped 
into the chamber 270. The fluidic material 280 then passes through the fluid passage 
220 into the chamber 275. The fluidic material 280 then passes out of the chamber 
275, through the fluid passage 245, and into the annular region 270. In a preferred 
embodiment the fluidic material 280 is pumped into the chamber 270 at operating 
pressures and flow rates ranging from about 0 to 9,000 psi and 0 to 3,000 
gallons/minute in order to optimally provide flow rates and operational pressures for the 
radial expansion process. In a prefen-ed embodiment, the fluidic nriaterial 280 is a 
hardenable fluidic sealing niaterial in order to form a hardened outer annular member 
around the expanded tubular member 225. ' 

As illustrated in FIG. 2c, at somci later point in the process, a ball 285. plug or 
other similar device, is introduced into the pumped fluidic material 280. In a prefenred 
embodiment, the bail 285 mates with and seiais off the inlet 265 of the fluid passage 
220. In this mann^*, the chamber 270 is fluididy Isolated from the chamber 275. 

As IHustrated in FIG. 2d. after placement of the ball 285 in the inlet 265 of the 
fluid passege 220. a fluidic material 290 is pumped into the cttamber 270. The fluidic 
material is preferably pumped into the chamber 270 at operating pressures and flow 
rates ranging from about 0 to 9,000 psi and 0 to 3.000 galtons/hninute in order to 
provide optimal operating efficiency. The fluidic material 290 may be any number of 
conventional commercially available materials such as, for example, water, drilling 
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mud, cement, epoxy, or slag mix. In a preferred embodiment, the fluidic material 290 Is 
a non-hardenable fluidic material in order to maximize bperational efficiency. 

Continued pumping or>e fluidic material 290 increases fluidic material 280 
increases the op«ating pressure witMn the chamber 270. The increased operating 

5 pressure in the charnber 270 then dauses the mandrel 215 to extnide the mandrel 
launcher 210 and tubular rnember 225 off of the conical face of the mandrel 215. The 
extrusion of the mandrel launcher 210 and tubular member 225 off of the conical face 
of the mandrel 215 causes the nnandrel launcher 210 and tubular member 225 to 
expand in the radial direction. Continued pumping of the fluidic material 290 preferably 

10 causes the eritire length of the tubular member 225 to expand in the radial direction. 

In a prefenred embodiment, the pumping rate and pressure of the fluidic 
material 290 is reduced during the latter stages of the extnision process in order to 
minimize shodi to the apparatus 200. In a preferred embodiment, the apparatus 200 
includes shock absorbers for absorbing the shocl( caused by the comptetion of the 

15 extrusion process. In a preferred embodiment, the extmsion process causes the 
mandrel 215 to move in an axial direction 295. 

As illustrated in FIG. 2e. in a preferred embodiment, upon the completion of the 
extrusion process, the support member 205, padter 210. first fluid conduit 215, annular 
seal 230, second fluid conduit 235. mandrel 245, and mandrel launcher 250 are 

20 removed from the wellbore 280. In a preferred embodiment, the resulting new section 
of wellbore casing Includes the preexisting wellbore casing 275, the expanded tubular 
member 225, the slips 230, the seals 235, the shoe 240, and an outer annular layer 
4000 of hardened fluidic material. 

In an alternative embodiment the apparatus 200 is used to repair a preexisting 

25 wellbore casing or pipeline. In this alternative entixxliment, both ends of the tubular 
member 255 preferably include slips 260 and seals 265. 

In an alternative embodiment, the apparatus 200 is used to form a tubular 
structural suppoirt.for a building or offshore stnjcture. 

In a preferred embodiment, the tubular numbers 105 and 225; shoes 240; 

30 «(pansion cone teunchere 150 and 210; and expansion cones 145 and 215 are 
provided substentially as described in one or more of the following U.S. patent 

applications: (1) utility patent application number , attorney docket 

number 25791.9.0i2. filed on 1 1-16-1999. which claimed the benefit of the filing date of 
provistonal patent appltoatten number 60^108.558. attorney docket number 25791.9. 

35 filed on 1 1-16-1998; (2) utBlty patent applicatton number attorney dockeit 
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number 25791.3.02. filed on 12-3-1999. which claimed the benefit of the filing date of 
provisional patent application number 60/111,293. attorney docket number 25791.3. 

fiied on 12-7-1998; (3) utility paimt applicafion number , attorney docket 

number 25791.8.02. filed on 2-10-2000. which claimed the benefit of the filing dale of 
provisional patent applkatton number 60/119.611. attorney docket number 26791.8, 
filed on 2^11-1999; (4) provisk)nal patent appBcatton number 60/121,702. attorney 
docket number 25791.7, filed on 2-25-1999; (5) provisional patent appllcatkm number 
60/121,841. attorney docket number 25791.12, filed on 2-26-1999; (6) proviskmal 
patent application number 60/121,907, attorney docket number 25791.16, filed on 2- 
26-1999; (7) provisional patent appiicatton number 60/124,042. attorney docket number 
25791.11, filed on 3-11-1999; (8) provisional patent application number 60/131,106, 
attorney docket number 25791.23, filed on 4-26-1999; (9) provistonai patent application 
number 60/137,998, attorney docket number 25791.17, filed on 6-7-1^9; (10) 
provisional patent appllcatkwi number 60/143,039, attorney docket number 25791.26. 
filed, on 7-9-1999; (11) provistonai patent application number 60/146,203, attorney 
docket number 25791.25, fiied on 7-29-1999; (12) provistonai patent appHcatton 

number. , attorney docket number 25791.29. filed on 9-16-1999; (13) 

provistonai patent applicatton number ■ attorney docket number 

25791.34, filed on 10-12-1999; (14) provisional patent applicatiwi number , 

attorney docket number 25791.36, filed on 10-12-1999; (13) provisional patent 
applicatton number 60/159,033, attorney docket number 25791.37, filed on 10-12- 

1999; (15) provistonai patent applicatton number .: _, attorney docket 

number 25791.27, filed on 11-01-1999. Appltoants incorporate by reference the 
disdosures of these appllcattons. 

Alttiough illustrative embodiments of the inventton have been shown arxl 
described, a vMe range of : mocHflcation. changes and substitutton Is contemplated in 
the foregoing disctosure. In some Instances, some features of the present invention 
may be emptoyed without a connesponding use of the other features. Accordingly. It is 
appropriate that the appended dalrris be constnjed broadly and in a manner consistent 
with the scope of the invention. 
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Claims 

1 . A method of coupling a tubular m6mt)er to a preexisting structure, comprising: 
prefomning the tubular member tQ include a first portion, a second portion and a 

third portion; 

5 placing a mandrel within the second portion of the tubular rhemiier; 

positioning the tubular memt)er in an overlapping relationship to the preexisting 
structure; 

pressurizing an interior region within the ttJbular member above the mandrel; 

and 

1 0 displacing the mandrel with respect to the tubular member, 

wherein the inside diameter of the second portion of the tubular nrtember is 
greater than the inside diameters of the first and third portions of the tubuldr member, 
wherein the pressurizing is provided at operating pressures ranging from 0 to 
9,000 psi; and 

15 wherein the pressurizing is provided at flow rates ranging from 0 to 3,000 

gallons/minute. 

2. An apparatus for coupling a tubular member to a preexisting structure, 
comprising: 

20 means for preforming the tubular member to include a first portion, a second 

portion and a third portion; 

means for placing a mandrel within the second portion, of the tubular member 
. means for posiSonihg Vhe tubular member in an overtapping relationship to the 
preexisting structure; 

25 means for pressurizing ah interior region within the tubular member above the 

mandrel; and 

means for displacing the mandrel with respect to the tubular member; 
wherein the inside diameter of the second portion of the tubular member is 
greater than the inside diameters of the first and 4iird portions of the tubular member, 
30 wherein the nrieans for pressurizing is provided at operating pressures ranging 

from 0 to 9,000 psi; and 

wherein the means for pressurizing is provided at flow rates ranging from 0 to 
3,000 gallons/minute. 

35 
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3. An apparatus, comprising: 
a preexisting structure; and 

a tutMJiar member coupled to the preexteting structure by the process of: 
prefonrning the tubular niember to indude a first portion, a seoo^ 
5 third portion; 

placing a mandrel within the second portion of the tubular member; 
positioning the tubular member in an overiappthg relationship to the preexisting 
structure; 

pressurizing an interior region within the tubular member above the mandrel; . 

10 and 

displacing the mandrel with respect to the tubular member, 
wherein the inside diameter of the second portion of the tubular member is 
greater than the inside diameters of the first and third portions of the tubular member; 
wherein the pressurizing is provided at operating pressures ranging from 
15 9,000 psi; and 

wherein the pressurizing is provided at flow rates ranging from 0 to 3.000 
gallons/minute. 
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